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The processes of synthesis of initial compounds for magnesium spinel in chemical precipitation are studied. It 
is established that the choice of initial salts (nitrates, chlorides, sulfates) has virtually no effect on the phase 
composition of heat-treated products; however, it has a significant effect on the properties of the initial precip¬ 
itates. 


The development of scientific principles of formation 
and regulation of structures and phase states of high-melting 
compounds with good physicomechanical parameters is one 
of the purposes of the contemporary science of materials. 
This is linked to prioritized directions of engineering based 
on new progressive technologies requiring materials that can 
operate in extreme conditions. 

A new direction of technological upgrade is the use of 
fine chemical synthesis based on the chemical preciptation 
method. This method is especially convenient in synthesis of 
extremely high-melting compounds, which include some 
practically important compounds of the spinel type. 

Of all various spinels (Me 2+ Me 3+ 0 4 ), the one most com¬ 
monly used is aluminomagnesium spinel MgAl 7 0 4 , whose 
melting point is 2135°C and whose TCLE is 59.3 x 10 -7 K 1 . 

Articles based on sintered spinel are produced by a two- 
stage technology. The spinel is synthesized by firing a bri¬ 
quette (sinter) of finely disperse MgO and A1 2 0 3 at a temper¬ 
ature of 1300 - 1400°C (with an organic binder). The initial 
materials, i.e., MgO and A1 2 0 3 , in turn, are produced from 
magnesite ore MgC0 3 and aluminum hydroxide by calcina¬ 
tion. After crushing and milling of spinel briquettes, the re¬ 
sulting powder is used to produce articles using a nonplastic 
technology. The firing temperature is 1750°C. 

It appears impossible to produce articles using a one- 
stage technology, since the synthesis of spinel is accompa¬ 
nied by temperature expansion (linear 7 - 8% and volume 
22 - 24%) caused by the lower density of spinel 
(3.58 x 10 3 kg/m 3 ) compared to the density of alumina 
(3.99 x 10 3 kg/m 3 ). Maximum expansion is observed in the 
temperature range 1200 - 1300°C coinciding with the end of 
spinel formation. However, it is difficult to obtain dense 
spinel-based ceramics, although numerous attempts have 
been made using mineralizers, spray pyrolysis, or thermal 
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treatment of polycrystalline samples made of mixture of oxi¬ 
des [1,2]. Therefore, production of spinel using the method 
of fine chemical synthesis methods was researched as well. 

All literary data on methods for producing initial materi¬ 
als for synthesis of spinel from solutions can be split into 
three main groups: 

- methods using coprecipitation of the components; 

- methods in which oxide of the first component is im¬ 
pregnated with an aqueous solution of salt of the second 
component (the impregnation method); 

- methods of consecutive accretion of hydroxide of the 
first component on the carrier hydroxide of the second com¬ 
ponent. 

It is known that the method of coprecipitation from con¬ 
centrated solutions makes it possible to increase the reaction 
capacity of chemical agents [3,4], This has been tested on 
aqueous solutions of magnesium and aluminum sulfates, 
chlorides and nitrates, as well as magnesium and aluminum 
hydroxides. The temperature of synthesis of spinel in this 
case decreases by 200 - 300°C. 

The authors in [5] developed a new method for copre¬ 
cipitation of active powder for the synthesis of noble spinel, 
which consists of joint precipitation of magnesium and 
aluminum hydroxides from solutions of sodium meta- 
aluminate NaAlO, and magnesium salt, for instance, 
MgS0 4 . The latter can be replaced by base magnesium car¬ 
bonate 4MgC0 3 • Mg(OH) 2 • 5H 2 0. It is possible to use 
NaA10 2 instead of aluminum salts. Two-hour sintering at 
1730°C of briquettes molded from the powder produced by 
the above described coprecipitation method and prelimina¬ 
rily calcined at 900°C makes it possible to synthesize spinel 
with a relative density of 0.9, i.e., this is one of the best cur¬ 
rently known products. 

Despite a number of publications dedicated to chemical 
methods of spinel synthesis, data on the properties of materi¬ 
als based on such spinel are missing. Furthermore, in most 
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Fig. 1. Apparent volume V of precipitate versus the ratio OH : Me 
for chloride ( 1 , 2 ) and sulfate (3-5) solutions. Duration of aging: 
1, 2, 3, 4, and 5) 2, 5, 3, 2, and 4 days, respectively. 

cases the sintering temperatures of the end product that are 
used are unjustifiably high (> 1700°C), which prevents esti¬ 
mating the efficiency of the chemical precipitation methods. 

The present study describes the results of chemical pre¬ 
cipitation using magnesium and aluminum nitrates, sulfates, 
and chlorides and the properties of these precipitates. 

To determine the conditions for producing dense precipi¬ 
tate that is the most technologically acceptable, its apparent 
volume was determined in experiments. The type of the an¬ 
ion varied from chloride to sulfate, the quantity of the pre¬ 
cipitator, i.e., the ratio of OH : Me, varied from 1.25 to 3.25, 
and the aging duration varied from 15 min to 5 days. 

Settling of the precipitate virtually stopped after 
30 - 40 min. The dependence of the apparent volume of the 
precipitate on the OH : Me ratio and the aging duration is in¬ 
dicated in Fig. 1. It can be seen that, all other terms being 
equal, precipitates from chloride solutions are denser and 
have a lower volume. The aging duration has little effect on 
the volume of these precipitates. The apparent volume of the 
precipitate from sulfate solutions gradually decreases during 
4 days of aging; however, even then it is nearly twice that of 
the chloride precipitate. The latter is the most technologically 
suitable: it is dense, has a minimum volume, settles quickly, 
and can be easily filtered. 

The study of the precipitates by the DTA methods 
(a Q-1500D derivatograph) within the temperature interval 
of 20 - 1000°C and the heating rate of 10 K/min established 
that, according to the endothermic effect, the main water loss 
occurs in several stages at temperatures of 120 - 140, 
260 - 265, and 375 - 460°C. The weight loss of the precipi¬ 
tate synthesized under the optimum conditions is 
41.07 - 43.57%. This is nearly half the weight loss of simi¬ 
larly prepared samples [3], Furthermore, the weight loss pro¬ 
cess ends at a slightly lower temperature, especially in ni¬ 
trate-based precipitates: at 865°C instead of 1000 - 1100°C. 

According to the data in [6], decomposition of aluminum 
hydroxide produced by precipitation either by ammonia so¬ 
lution or by sodium hydroxide solution is accompanied by an 
endothermic effect with the minimum at the temperature 
of 160°C. An exothermic effect caused by crystallization of 
y-Al 2 0 3 is observed at a temperature of 380°C. Since such 


effects were not observed in our case, we may conclude that 
aluminum (III) and magnesium (II) in precipitation react and 
form a new compound different from aluminum hydroxide. 

In order to obtain 1R spectra, precipitates obtained from 
nitrates, chlorides, and sulfates were washed from impurities 
and dried in a drying cabinet for 10 h at a temperature of 
100°C. The spectra were taken using a Specord M80 instru¬ 
ment. All spectra exhibit bands due to the valence vibrations 
of molecular water and hydroxyl groups in the range of 
2800 - 3700 cm - '. The blurred appearance of this band 
points to a substantial content of non-structural water in all 
samples. The absorption bands caused by the deformation vi¬ 
brations of H 2 0 molecules (1615 - 1640 cm -1 ) are signifi¬ 
cantly less intense. The narrow absorption bands in the range 
of 1387 and 1020 cm - 1 are most probably due to the defor¬ 
mation vibrations of hydroxyl groups. 

A number of absorption bands are observed in the range 
of 450 - 700 cm -1 , which can be generated either by the va¬ 
lence vibrations of Me - O bonds, or by the libration vibra¬ 
tions of crystallization water [7]. 

To determine the possibility of using the obtained precip¬ 
itates as precursors for spinel production, they were sub¬ 
jected to heat treatment. Hydroxide precipitates were washed 
from impurity ions, dried in a drying cabinet at a temperature 
of 100°C, and then subjected to preliminary heat treatment at 
900°C to remove water. Next, they were heat-treated at 
1250°C for 1 h. An analysis of the x-ray patterns of the heat- 
treated products indicated that the main and only phase in 
all calcined samples was aluminomagnesium spinel 
MgO • A1 2 0,. Only the diffraction patterns of samples ob¬ 
tained from sulfates exhibit a weak reflection corresponding 
to periclase. 

Thus, the selection of initial salts (nitrates, chlorides, sul¬ 
fates) has virtually no effect on the phase composition of the 
heat-treated products; however, it has a significant effect on 
the properties of initial precipitates. 
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